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Polo-like kinase is a key regulator of multiple mitotic
events. Recent studies indicate that the enzyme’s
conserved non-catalytic domain can recognise and
bind to phosphoproteins. Regulated binding to
microtubule motors directs the localisation of polo-
like kinases to the central spindle for regulation of
cytokinesis.
Polo-like kinase is a mitotic regulator conserved from
yeasts to humans [1,2]. Comparisons of the phenotypes
of polo-like kinase mutants were initially puzzling, as
Drosophila mutants fail to establish spindle bipolarity,
whereas yeast mutants arrest in late anaphase without
spindle defects. Subsequent studies in various systems
revealed that polo-like kinase regulates a wide variety of
mitotic events from the beginning to the end of mitosis,
including the G2/M transition, bipolar spindle formation,
chromosome separation and cytokinesis. The old
puzzle has been solved, but this has been replaced by
a new one: how can one kinase regulate so many
processes at apparently different times in mitosis?
Resolution of this puzzle may involve the dynamic
spatial regulation of polo-like kinases. These enzymes
localise to centrosomes early in mitosis and then accu-
mulate on the central region of the spindle and persist
at the midbody through cytokinesis, in addition to
locating at kinetochores [3–5]. Elia et al. [6] have now
reported that the conserved non-catalytic domain of
polo-like kinase —the ‘polo box’ domain (Figure 1) —
is a phosphopeptide-binding domain. This provides
crucial insights into how polo-like kinase localises
inside cells and how the localisation is regulated during
mitotic progression. 
The polo box domain was previously shown to be
required for the localisation of polo-like kinases and
has been proposed to interact with multiple proteins
[7–9]. What makes the findings of Elia et al. [6] a
surprise is the ability of the polo box domain to bind
preferentially to phosphorylated peptides. Phosphory-
lation and protein binding are two of the major
mechanisms of signal transduction. As is evident from
extensive work on SH2 domains, which recognise
tyrosine-phosphorylated peptides, signaling modules
which recognise phosphopeptides play a key role in
turning signaling cascades on and off [10]. Despite
their obvious importance, so far only a handful of
signaling modules have been found to have this
special property [11], so further identification of such
critical modules has been eagerly awaited.
Elia et al. [6] developed a new proteomic approach
to systematically identify phosphopeptide-binding
proteins, and searched for proteins that recognise
phosphorylation by cyclin-dependent kinases (Cdks).
First, a pool of biased random peptides containing
Cdk-phosphorylated residues was prepared and
immobilised on beads. The immobilised phospho-
peptides were used to identify proteins that specifi-
cally bind Cdk-phosphorylated sequences. Screening
an in vitro expression library identified a human polo-
like kinase Plk1, and the polo box domain was shown
to be responsible for the interaction. The polo box
domain thus joins an ‘elite’ club of signaling modules
that recognise phosphopeptides.
Two lines of evidence, albeit circumstantial, were
also presented by Elia et al. [6] to support the view that
this phosphorylation-dependent binding is of functional
significance in vivo. First, binding of Plk1 to a protein
that it is known to interact with, the mitotic inducer
Cdc25C, was shown to depend on phosphorylation of
Cdc25C by Cdk1. Second, localisation of the polo box
domain to centrosomes in cultured cells could be
blocked by a phosphopeptide with the optimal binding
motif, suggesting that centrosomal localisation of Plk1
is mediated by phosphopeptide binding.
A recent study by Neef et al. [12] has provided more
concrete evidence for the functional signficance of the
phosphorylation-dependent binding in vivo. Mklp2, also
known as rabkinesin-6, is a kinesin-like microtubule
motor which is essential for cytokinesis and localises to
central spindle/midbody. Neef et al. [12] showed that
Mklp2 is required for localisation of Plk1 to the central
spindle/midbody and that the recruitment of Plk1 is
mediated by a physical interaction between the polo
box domain and Mklp2.
Plk1 has further been shown to phosphorylate
Mklp2 in vitro and in vivo. Crucially, this phosphoryla-
tion greatly enhances the binding of Mklp2 to Plk1. A
non-phosphorylatable form of Mklp2, which cannot
bind to Plk1 efficiently, can localise to the central
spindle/midbody, but fails to target Plk1 to the central
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Figure 1. The general primary structure of polo-like kinases. 
The kinase domain (red) is located in the amino-terminal region
of a polo-like kinase, followed by the non-catalytic polo box
domain, which contains discrete regions of highly conserved
amino acids, the polo boxes (green). The polo box domain
mediates the localisation and multiple protein interactions of
polo-like kinases. 
Polo box domainKinase domain
Mammalian Plk1
Fruitfly Polo
Budding yeast Cdc5
Fission yeast Plo1
Current Biology
spindle/midbody. Injection of an Mklp2 antibody,
which specifically inhibits phosphorylation, was found
to block cytokinesis, strongly suggesting that this
phosphorylation-dependent binding plays a role in the
regulation of cytokinesis in animal cells.
Microtubules also play an important part in regulation
of the Plk1–Mklp interaction. Plk1 binds to microtubules
independently from Mklp2, and microtubule binding is
mediated by the polo box domain but is independent of
phosphorylation. Phosphorylation of Mklp2 by Plk1 is
stimulated by microtubules, triggering Plk1 binding to
Mklp2 and leading to the accumulation of Plk1 at the
central spindle/midbody where crucial substrates are
likely to be located (Figure 2). 
The functional and physical interactions between
Plk1 and the kinesin-like motor Mklp2 appear to be con-
served among animal species. In Drosophila, the Mklp2
homologue Pavarotti and Polo kinase have been shown
to be required for cytokinesis [13]. Pavarotti binds to
Polo kinase and is essential for the latter enzyme’s
proper localisation in cells. It remains to be tested
whether this binding is dependent on phosphorylation.
In addition to Mklp2, another motor-associated
protein, NudC, may have a parallel role in Plk1 recruit-
ment and the regulation of cytokinesis [14,15]. NudC,
a conserved protein which forms a complex with
dynein, was identified as a Plk1-binding protein using
phage display methods. NudC localises to spindle
poles and the central spindle/midbody in mammalian
cells, and its depletion results in defects in cytokine-
sis as well as in spindle formation. NudC is essential
for the localisation of Plk1 to centrosomes and the
central spindle/midbody. Overexpression of NudC
induces ectopic localisation of Plk1 in the cytoplasm,
suggesting that NudC mediates the localisation of
Plk1. Although it has not been directly examined
whether Plk1 binding to NudC is dependent on NudC
phosphorylation, it seems to be likely. Plk1 not only
binds to NudC but also phosphorylates it in vitro and
in vivo, and this phosphorylation is essential for NudC
function in vivo. The phosphorylation sites are con-
served among all NudC homologues and are located
within the Plk1-binding domain.
These results indicate that both Mklp2 and NudC
are required for the recruitment of Plk1 to the central
spindle/midbody. Multiple microtubule motors seem
to act together to recruit Plk1 onto central spindles
for regulation of cytokinesis. Further studies are
required to clarify whether Mklp2 and NudC are parts
of one multi-motor complex, or two separate motor
complexes which act in sequential steps. 
The polo box domain can thus recognise at least
three distinct targets: proteins phosphorylated by Cdk,
proteins phosphorylated by Plk1, and non-phos-pho-
rylated proteins. By promoting the binding of Plk1 to its
targets, Cdk activation can trigger Plk1 phosphorylation
of particular substrates. This provides a way of coordi-
nating the temporal sequence of mitotic events. In the
case of Mklp2, and possibly NudC, phosphorylation by
Plk1 promotes binding to Plk1 itself. As recruitment of
Plk1 to the central spindle/midbody will phosphorylate
more Mklp2, this forms a positive feedback loop to
allow a rapid increase in local kinase activity. This 
self-amplification may be crucial to turn mitotic pro-
gression into successive temporally distinct ‘phases’.
Finally, phosphorylation independent binding to micro-
tubules adds further spatial dimension to the regulation
of Plk1–Mklp2 interactions. Collectively, these results
suggest that the polo box domain can act as a versatile
protein interaction domain which integrates various
temporal and spatial signals during mitotic progression.
Polo-like kinases are enigmatic proteins which have
shown different faces in various unexpected contexts.
Multiple functions of polo-like kinases are likely to be
achieved through dynamic subcellular localisation and
multiple protein interactions. The recent characterisa-
tion of the polo boxes as a phospho-recognising
domain will undoubtedly stimulate further efforts to
understand the function, regulation and targets of
polo-like kinases. Along the way, it promises more
puzzles and surprises. 
References
1. Glover, D. M., Hagan, I. M., and Tavares, A. A. (1998). Polo-like
kinases: a team that plays throughout mitosis. Genes Dev. 12, 3777-
3787.
2. Nigg, E. A. (1998). Polo-like kinases: positive regulators of cell divi-
sion from start to finish. Curr. Opin. Cell Biol. 10, 776-783. 
3. Golsteyn, R. M., Mundt, K. E., Fry, A. M., Nigg, E. A. (1995). Cell
cycle regulation of the activity and subcellular localization of Plk1,
a human protein kinase implicated in mitotic spindle function. J.
Cell Biol. 129,1617-1628.
4. Herrmann, S., Amorim, I., and Sunkel, C. E. (1998). The POLO kinase
is required at multiple stages during spermatogenesis in Drosophila
melanogaster. Chromosoma 107, 440-451. 
5. Arnaud, L., Pines, J., and Nigg, E. A. (1998). GFP tagging reveals
human Polo-like kinase 1 at the kinetochore/centromere region of
mitotic chromosomes. Chromosoma 107, 424-429.
Current Biology
R913
Figure 2. A model for the interaction between polo-like kinase
and microtubule motors on the central spindle/midbody in the
regulation of cytokinesis. 
The polo-like kinase Plk1 and kinesin-like protein Mklp2
independently interact with microtubules (1). This stimulates
phosphorylation of Mklp2 by Plk1 (2). The phosphorylation of
Mklp2 is recognised by the non-catalytic domain of the kinase
and induces the firm binding of the two proteins (3). This inter-
action is essential for recruitment of Plk1 to the central spin-
dles/midbody. Plk1 phosphorylates downstream targets on
central spindles/midbody to control cytokinesis (4). A similar
mechanism may be involved in the recruitment of Plk1 by the
dynein associated protein NudC in coordination with Mklp2.
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